
c-n

a
c
d

NATIONALADVISORYCOMMITTEE
FORAERONAUTICS

TECHNICALNOTE3201

DLRECTIONALJSTABUXIY CHARACTERISTICSOF TWO

TYPES OF TANDEMHELICOPTERFUSELAGEMODELS

By JamesL. Williams

LangleyAeronauticalLaboraicry
LangleyField, Va.

Washington
May 1954



ERRATANO.1

NACATN 3201

DIRECTIONALSTABILITYCHARACTERISTICSOFTWO
TYPESOFTANDEMHELIC.OHYIRFUSELAGEMODEIS

By JamesL.Williams

May1954

Thedefinitionof ~ appearinginfigure20wasinadvertently
emittedfromthe“Symbols”,andthedefinitionof 2 onpage3 requires
clarification.Therefore,thelistof“Symbols”(page3) shouldbe cor-
rectedto includethefolMwinginformation:

\
. Changedefinitionof 2 inlineU.to readas follows:

1. distancebetweenrotorhubcenters(4.23ft
lapmodel,and2.84ftforoverlapmodel]

Addto thelistthefollowingsymbolsanddefinitions:

% dragcoefficient,D/q(2sd)

D drag,lb

fornonover-

!i?sd totalrotordiskarea(26.39 sq f%fornonoverbpmodel
and28.2sqftforoverlapmodel)
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STABIL3?I’YCHARACTERISTICSOFTWO

TYPESOFTANDEMEELICOHY3RFUSELAGEMODEIS

By JamesL. Williams

SUMMARY

A low-speedinvestigationwasmadeintheLangleystabilitytunnel
to determine andimprove,ifpossible,thedirectionalstabilitychar-
acteristicsoftwotandemheucopterWe-es Z onerepres~t@ a he~-
copterwithoverlapp~rotors(overlap-typefuselage)andtheothera
heMcopterwithnonoverl.sppingrotors(nonoverlap-typefuselage).

Theoverlap-typefuselagemodelwasfoundtobe directionally
“* unstableatanglesof attackof 10°~-10°y =d -~” for=@es of side-

slipto *6° or less.Thisinstabilitywasfoundto res~t froman insuf-
ficientcontributionoftheoriginalverticaltail(whichwasapproxi-Q mately35percentchordinthickness)to thedirectionalstability.The
failureof theorigima.1verticaltailtomakesufficientcontributionto
thedirectionalstabilitywasfelttobe associatedwiththeseparation
causedby theadversepressuregradientovertherelativelythickrear
portionoftheverticaltailandfuselage.Eitherbluntingthetrail@g
edgeoftheoriginal=rticaltailandfuselageoftheoverlap-typefuse-
lageor substitutinga thintail(whichwasappro~tely 4 percentchord
a thickness)fortheoriginaltailgenerallyresultedina directionally
stablefuselage-tailarrangement.

Thenonoverlap-typefuselsgemodelwasdirectionallyunstablefor
positiveanglesof attackthroughoutthesidesliprange.Thisinsta-
bilitywasfoundtoresultfroma lowvertical-taileffectivenessand
a largevariationofthefuselage-alonedirectional-stabilitypsrsmeter
CnP withangleof attack.I@thofthesefactorswerefoundtobe asso-

ciatedwiththerateof changewithsideslipsngleoftheasymmetric
trailing-vortexsystemthatexistedonthefuselage.Theuseof spoilers
locatedaroundthenoseofthefuselagewastheonlyeffectivemeans
found,tithoutresortingtomajordesignchanges,formakingthe
nonoverlap-typefuselagedirectionallystable.
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INTRODUCTION

Theresultsofflightandwind-tunnel

d

w

tests(refs.1 to 3) have
shownthattwotsndemhelicopterfuselages,onerepresentinga-helicopter
withoverlappingrotors(overlap-typefuselage)andtheothera heli-
copterwithnonoverla@ngrotors(nonoverlap-typefuselage)sre&kec-
tionallyunstableforcertainanglesof attax andsides,Mp.Theoverlap-
ty_pehelicopterfuselagehasa rearpylonfa@d to forma thickvertical
tailandfuselageresrsection,andthenonoverlap-typehelicopterfuse-
lagehasa centersectionthatisconsiderablybelowitsfrontandresr
ends. Theresultsofreference2 haveindicatedthatthedirectional
stabilitycharacteristicsoftheoverlap-typefuselagecanbe improved
by an increaseinpylon(verticaltail)axeaorby useof splitflaps
attachedto eachsideofthetail,whichof courseacttodecreasethe
adversepressuregradientoverthere~ ofthetail.Reference4 pre-
sentsa comparisonofthelift-curveslopesof severalairfoilswith
varyingdegreesofbevelandtrailing-edgebluntness.Theseresults
showthatthelift-curveslopeincreasesasthetrailing-edgeangleis
changedfroma beveledto a somewhatbluntedshape.Thedataofrefer-
ences2 and4 suggestthatthedirectionalinstabilityofthistypeof
fuselage-tailarrangementisattributableatleastpsrtiallyto a low
lifteffectivenessoftheverticaltailthatisassociatedwithitslarge
trailing-edgeangleandindicatethatpossib~further@rovementin
thedirectionalstabilitycanbe madeby a morecompletebluntingofthe
trailingedgeoftheverticaltailandloweraftportionofthefuselage
thenwasemployedinreference2,whereintheblmtingwasessentially
confinedtothepylon.

Theresultsof someexploratorytestsontheoverlap-typefuselage
intheLsngleyfree-flighttunnelhaveindicatedthatthelocationof
spoilersaroundthefuselagencsseconsiderablyimproveditsdirectional
stabilityby destroyingsomeoftheunstablemomentofthefuselage.
Theseresultsindicatethatthedirectionalstabilitycharacteristics
of a widerangeof fuselageshapes,includingtheextremenonoverlap-
typefuselageconf@ration,canbe influencedby theuseof spoilers.

Thepurposeofthepresentinvestigationwasto studyfurtherthe
directionalstabilitycharacteristicsofthesefuselagesandto find
solutions,ifpossible,thatwouldgivesatisfactorystability.To this
end,a seriesoftestsof anoverlap-typefuselagewithvariousfuselage
andpylonmodificationsandof a nonoverlap-typefuselagewithvarious
spoilerarrangementsweremadeh theLangleystabilitytunnel.These
testsconsistedofthemeasurementof aerodynamicforcesandmoments
throughouta rangeof sideslipsmdanglesof attack,sndalsoa short
studyoftheairflowaroundthenonoverlap-t~efuselsgeby meansof
thetuft-gridtechniqueofreference~.

Y“
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SYMH3LSANDCOEFI?IC311NTS

Thedatame presented= theformof stsndsrd
coefficientsad arereferredto thewindsystemof
attheassumedcentersofgravityofthe
tionsof forces,moments,sndsmgl.esare
andcoefficientsemploy6dsredefinedas

aspectratio,b2/S

tielsges.

NACA
axes
The

shown~ figure
follows:

horizontal-tailspsn(measured
referenceline),ft

tailchord,ft

forcesndmoment
withtheorigin
positivedirec-
i.

perpendicular

distancebetweenrotorhubcenters,f%

area,sqft

vertical-tailthickness,ft

free-stresmvelocity,ft~sec

~~2, lb/sqftdynsmicpressure,p

massdensityof air,slugs/cuft

angleof attack,deg

angleof sideslip,deg

sideforce,lb

yawingmment,ft-lb

rollliqgmoment,ft-lb

side-forcecoefficientY/qE5~

yawing-momentcoefficient,N/q2sd2

rotig-momentcoefficient,L‘/q2sd2

The symbols

to fuselage
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f~ehges 1,2,and3, respectively(seefigs.2(a)
and4(a))

tails1,2, . . .6, respectively(seefigs.2(c),2(d),
3, and4(b))

mutual-interferenceincrementsin Cy, Cn,and Cl;for

example,%%=cy(fuselage withtail)-

‘(fuselagealone)- @(tailalone)

rotordisk

MODEIS,APPARATU3,ANDTESTS

Thebasicoverlap-typefuselagemodel(fuselage1)usedinthepres- *
entinvestigationwasconstructedofbalsaandwasapproximatelya
l/7-scalemodelof a currenttandemhelicopterfuselagewhichhasa rear

—

pylonfairedto forma thickverticaltail(t/c- 0.35;tail1)andfuse-
W

lagerearsection(seefigs.2(cL)and2(c)).A sketchofthemodifica-
tionmadeto fuselage1 to obtainfuselage2,whichhada thinnerrear
section,isshowninfignre2(a).

A thinverticaltail,tail2 (t/c= 0.04),wasmadeofplywood(see
fig.2(c)).Verticaltailswithblunttrailingedges(tails3 and4)
andan endplate(seefig.2(d))weremadeafbalsaandplywood,respe&
tively.Photographsofthemodelwithtail1 (t/c= 0.35), tail z
(t/c= O.04),andblunttails3 and4 sre shownin figure 3. It should
be notedthatwhentheblmt tailswereusedthebluntnesswasextended
to includetheloweraftportionofthefuselage.A horizontaltail
locatednearthecenteroftheoriginalverticaltailwastestedwith
themodelat-1Ooangleof attack.

Thenonoverlap-typefuselagemodel(fuselage3) usedinthisinves-
tigationwasconstructedofmshoganyandwasa l/10-scalemodelofa
currenttandemhelicopterfuselage.Theverticaltails(tail~ and .
tail6), however,weremadeofplywood.Sketchesofthenonoverlap-type
fuselageandverticaltailsareshowninfiguresh(a)andq(b),respec-
tively.

Severalspoilerconfigurationsweretestedwiththenonoverlap-type
fuselagemodel.Thespoilers,whichwerefairedtofitthefuselagecon- U
tour,weremadefroml/16-inchsheetbrass&ndwereapproximately0.20inch
wide. Photographsofthenonoverlap-typefuselagewithandwithoutspoiler ~
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configurations(spoilers1,2, and3)areshowninfigure5. Thedorsal
andventralportionsof spoilerarrangement3 wereabout16 incheslong.

Themodelsweremountedrigidlyto a singlestrutsupport,at
approximatelythe0.52pointsndO.~ pointofthedistancebetweenthe
rotorhubsfortheoverlap-andnonoverlap-typefuselagemodels,respec-
tively,inthe6-foot-dismetertestsectionof theLangleystability
tunnel.Theforcesandmomentsweremeasuredbymeansof a conventional
six-componentbalancesystem.

Allforcetestsfortheoverlap-andnonoverla.p-typefuselageswere
madeata dynsmicpressureof 39.7poundspersqusrefoot,whichcorre-
spondsto a Machnumberof about0.16. ThetestReynoldsnumberswere
4.87x 106and5.5Qx 106 for the overlapandnonoverlapfuselages, respec-
tively,basedontheoveralllengthof thepertinentfuselage.Theangles
of sideslipinvestigatedrangedfromabout25°to -25°.Theanglesof
attackusedintestsoftheoverlap-typefuselagewere1oo,-10°,smd
-200,sndtheanglesofattackusedintestsof thenonoverlap-typefuse-
lagewereno, 20°,10°,0°,-loo,sn.d-30°.Thehorizontaltailofthe

..w nonoverlap-typefuselagewassetat~ angleof incidence.Thetuft-~id
testsweremadeat a dynamigpressureof 8 poundspersqusrefootanda
Reynoltirnmiberof2.47x l&.

*

CORRECTIONS

Dataforthenonoverlap-typefuselagehavebeencorrectedfor
support-strutinterference.Thesecorrectionswere,ingeneral,ofneg-
ligiblemsgnitudeforthenonoverlap-typefuselage;thereforethedata
fortheoverlap-typefuselagewerenotcorrectedforsupport-strutinter-
ferenceeffects.Blockagecorrectionswerecomputedforbothfuselages
andfoundtobe negligible.AU tail-alonedatahavebeentransferred
totheassumedcenter-of-gravitylocationofthepertinentfuselsge.

RESULTSANDDISCUSSION

PresentationofData

Thebasicdataintheformofyawing-moment,side-force,andro~g-
momentcoefficientsandcertainsummaryplotsfortheoverlap-typefuse-
lagemodelsarepresentedinfigures6 to U and17,andforthe
nonoverlap-typefuselsgemodelsinfigures13to 15and17to 23. Tuft-

. gridpicturesoftheflowbehindthenonoverlapfuselagemodelsarepre-
sentedin figure16. Inasmuchastheevaluationofthedirectionalsta-
bilityisofprimsryinterestinthisreport,onlytheyawing-momentdata

w willbe consideredinthediscussionthatfollows.
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DirectionalStabilityofOverlap-T~eFuselsge

Basicmodel.-Thebasic-modeldatafortheoverlap-typefuselage
srepresentedinfigure6. Thesedatashowthatfuselage1 withtail1
(FIT1)isdirectionallyunstablefor a = 10°,-10°,and-20° ah angles
of sideslipto*6oor less.A comparisonoftheresultof summingthe
coefficientsforthefuselagealoneandtailalone(Fl+ TI)withthe
resultforthebasicmodel(FIT1)at singlesofattackof 10°)-l@}
and-200indicatesthattheinstabilityofthismodelismadeconsider-
ablyworseat 10°angleof attackby theaerodynamictiterference.This
interferenceat10°angleof attackprobablyrepresentsa decreasedtail
efficiencywhichresultsfromthefactthatthetailisintheregionof
fuselageinfluenceatthisangleof attack.

Effectof vertical-tailmodification.-Theeffectonthedirectional
stabilityofreplacingthethicktail(Tl)ofthebasicmodelwitha thin
tail(T2)maybe seenby comparingthedataoffigures6(a)and7(a).
Thevariationoftheyating-momentcoefficientwithangleof sideslip
fortail2 alonewaslarger,ingeneral,thanthatestimatedby theory.
Thisincreasedyawing-nmmentcoefficientmightbe attributedto theend-
plateeffectof a portionofthefuselagetestedwiththistail. Fuse-
lage1 withtail2 (F1T2)isdtiectional.lystablethroughouttheside-
sliprangefor a = 10oand-1Oo butaboutneutrallystableat small
anglesof sideslipfor a= -20°.Thesumoftheyawing-momentcontri-
butionsofthefuselagealoneandthetailalone(FI+ T2)for a = 10°
and-20° indicatesa destabilizingmutualinterferencebetweenfuselage
andtail(compsreF1+ T2 and F1T2).However,for a= -l@ the
mutualinterferencebetweenthefuselageandtailis stabilizing
(fig.T(a)).

Severaltestsweremadeto determinetheeffectofbluntingthe
trailingedgeoftheoriginalverticaltailandloweraftportionofthe
fuselage(seefigs.2(d)and3) onthe directionalstability of the
overlap-typefuselage.Theresultsofthesetestsarepresentedand
compsredwiththedirectionalstabilityof thebasicconfigurationin
figure8(a).Theadditionofa blunttail(tail3,tail4, ortail3
withendplate)stabilizedthefuselageforallanglesof attacktested.
TheblunttrailingedgeoftheVerticaltailappearedtobe effective
indelayingthemovementofthesepardionpointon theverticaltail
asthesideslipangleincreased,andtherebyproduceda greatervertical-
taillift-curveslopeandan improvementinthestabilitycharacteristics
of thefuselage-tailcombination.Blunttail3 hada largerareathan
tail4, andthereforemadea Uu?gercontributionto thedirectionalsta=
bility(fig.8(a)).

Effectof fuselagemodification.-Experimentalresultswhichshow
theeffectof.thinningtherearportionofthebasicf~e@ge toproduce
fuselage2 arepresentedinfigures9md10.Thef~el-e ~dific~tion

.—

%’

K
—
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resultedgenerallyinan appreciablereductionintheunstableyawing
w momentof thebasicfuselagealone(seefig.9). Forallanglesof attack

tested,fuselage2 withtail2 wasdirectionallystableto a greater
degreethanfuselsgelwith tail2 or,of course,fuselagelwith tail1
(seefig.10(a)).

Comparisonbetweenoverlap-type-fuselagestabilityandairplane
stability.-Thedirectionalstabilityofthebasicconfiguration(fuse-
lage1 withtail1) andof fuselage1 withtail4 is comparedwiththe
stabilityoftwotransport-typeandtwofighter-typeairplanesinfig-
ure11forthepurposeof showinghowthedirectionalstabilityofthe
tandemoverlaphelicopterfuselagemqdeltestedinthisinvestigation
compsreswiththedirectionalstabilityofpracticalairplaneconfigura-
tions.Thedataforthetransport-typeairplanesweretakenfromrefer-
ences6 and7 andforthefighter-typeairplanesfromreferences8 and9.
Thedirectional-stabilityresultsofthefighter-typeairplanesusedfor
thiscomparisonwereassmnedtohavea linesrvsriationup to about10°
of sideslip.Ft?omfigure11 itcanbe seenthatthedirectionalstability
of fuselage1 withtail4 hasapproximatelythesamemagnitudeasthe

4 directionalstabilityoftheseairplanes.

Effectofhorizontaltail.-Theresultsoftestsmadeto determine
. theinfluenceof a particularhorizontaltailon thedirectionalstability

of thebasicoverlap-typefuselagemodelat -10°angleof attacksre
giveninfigure1.2.Therectangularhorizontaltail(b= 15.X inches,
c . 4.60inches,and A= 3.33)employedforthistestwassetatan
angleof incidenceof 7.5°andlocatednearthecenterofthevertical
tailas showninfigure2(b).No importanteffectofa horizontaltail
on thedirectionalstabilitycharacteristicswasnoted.

DirectionalStabilityofNonoverl_ap-TypeFuselage

Basicmodel.-lTuselage3 withtail7 (F3T5)isdirectionallyunstable
foranglesof attackof lo”smdno anddtiectionallystableforangles
of attackof -10°and-n” (seefigs.13 and14). A comparisonofthe
sumofthefuselsge-aloneandtail-aloneresults(F3+ T~)withthe
resultsforthebasicmodel(F~7)indicatesthatthereisa sizable
amountof aerodynamicinterferencebetweenthefuselageandtail. A
summaryplotof thisinterferenceispresentedas figure17. Fromthis
figureitcsnbe seenthattheinterferenceisof consid~ablemagnitude
andgenerallydestabilizing.Tuft-gridpicturesoftheairflowbehind
thenonoverlap-typefuselageattwoanglesof attackandthreeanglesof
sideslip,whichshowthenatureoftheinterferencediscussed,arepre-
sentedinfigure16. Theasymmetricvortexdispositionshowninthese

* photographsfor20°angleofattackproducesanunfavorablesidewashon
theverticaltail.Therateof changeof thisasymmetricvortexsystem
withangleof sideslipprobabQaccoumtslargelyfortheapp~entlylow*
vertical-taileffectivenessof thismodel.
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directional-stabilityderivativeCnB ofthenonoverlap-type

aloneis comparedinfigure17withthedirectional-stability m
derivativeCnP oftheoverlap-typefuselageandof fuselage4 ofref-

erence10 inorderto illustratethelargevariationofdirectionalsta-
bilitywithangleof attackexhibitedby thenonoverlap-typefuselage.
Fromthisfigureitcanbe seenthat ~P forthenonoverlapfuselage

variesfroma smallstablevalueat -~ to a Isxgeunstablevalueatno.
Thisbehaviorisan importantfactorinthestabilityofthefuselage-
tailcombination,of course,andisprobablyconsiderablyaffectedly
thevortexpatternsshowninfigure16.

EffZectof spoilers.-Theeffectsof certainspoilerconfigurations
on thedirectionalstabilityofthenonoverlap-typefuselagesrepresented
infigures18and19. Theuse of spoiler configurations1, 2,or 3 on
thefuselagegenerallystabilizedtheunstablefuselage-tailconfigura-
tionfor a= 10°andX“. SometestsW theLangleyfree-flighttunnel
haveindicateda similarresultfortheoverlap-te fuselage.The
fuselage-tailconfigurationfor a = -10°and-~F wasdirectionally
stable(seefigs.18snd19),andtheadditionof spoilerstothebasic
configurationgenerallyhada negligibleeffectovernmstoftheside-
sliprangeexceptfor a = -~o, atwhichvaluecertainspoilerconfig-
urationscauseddirectionalinstabilityforsmallsideslipsngles.The
spoilersonthefuselageprobablydestroythepotentialflowaboutthe
fuselageandtherebyreducetheunstablefuselageyawingmoment.The
factthattherewasno increaseindirectionalstabilityatnegative
anglesof attackisrecognized;however,thescopeof thepresenttests
doesnotappeartobe sufficientto explainthiseffect.Thespoilers,
aswouldbe expected,gavesomeincreaseindrag}anda comp~isonof
thedragcoefficientforthebasicmodelconfigurationwithandwithout
spoiler1 ispresentedinfigure20.

Effectofvertical-tailnmdifications.-Theeffectonthedirectional
stabi~tyat looangleof attackof increasingthedistancebetweenthe

d

-.
——

basicverticaltails(tail5, A = 1.3)tominimizetheeffectofthe
fuselagevorticesispresentedinfigure21. Thismodificationresults
ina slightimprovementindirectionalstability.Theeffectat 10°angle
of attackof an increaseinthevertical-tailaspectratioispresented
infigure22. Littleimprovementinstabilitywasobtainedwiththis
modification.However,whenthedistancebetweentheothervertical
tails(tail6, A = 2.2)wasincreased,themodelwasdirectionallystable
forsideslipanglesto *10°(seefig.23). Loweringthesetailsapproxi-
mately14percentofthehorizontal-tailspanmadelittlefurther
improvement.

d
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CONCLUSIONS

9

Theresultsof a low-speedinvestigationintheLangleystability
tunnelofthedirectionalstabilitycharacteristicsof = overlap-and
a nonoverlap-t~tandemhelicopterfuselagetidicatethefollowing
conclusions:

1.Theoriginaloverlap-typefuselagemodelwasfoundtobe direc-
tionallyunstableat anglesof attackof 100,-10°,and-2@ forangles
of sideslipto ~o or less.Thisinstabilitywasfoundto resultfrom
an insufficientcontributionoftheorigtialverticaltail(whichwas
approxhnately35percentchordinthickness)tothedirectionalstability.
Thisfailureof theverticaltailtomakea sufficientcontributionto
thedirectionalstabilitywasbelievedtobe associatedwithseparation
causedby theadversepressuregradientovertherelativelythickrear
portionoftheverticaltailandfuselsge.

2.Eitherbluntingthetrailingedgeoftheoriginalverticaltail
k of theoverlap-typefuselageor substitutinga thintail(whichwas

kpercentchordinthiclmess)fortheoriginaltail~esulted,generaUy,
in a directionallystablefuselage-tailarrangement.

m
3.The nonoverlap-typefuselagemodelwasdirectional.lyinstable

forcertainpositiveanglesof attackthroughoutthesidesliprange.
Thisinstabilitywasfoundtoresultfroma lowvertical-taileffective-
nessad a lsrgevariationof thefuselage-alonedirectional-stability
parameter%p withangleof attack.Bothofthesefactorswerefound

to be associatedwiththerateof changewithsideslipangleof anasym-
metrictrailing-vortexsystemthatexistedon thefusels.ge.

4.Theuseof spoilerslocatedaroundthenoseof thefuselagewas
theonlyeffectivemeansfound,withoutresortimgtomajordesignchanges,
formakingthenonoverlap-typefuselagedirectionallystable.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.,February24,1954.
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determiuiw influence of horizontal tall. 1

Figure 2.- Details of overkp-type fuselagemodels. All dinkasionsare
in inches.
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Figure 2.- Continued.
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(a)Tail
.

1. (b) Tail2.

(c)Tail3.
L-83336

(d) Tail.4.

Figure3.-Viewsof overlap-mefuselagemodel.
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